Abstract: Depression, the most prevalent psychiatric disorder, has a lifelong risk of 20% and is related to high rates of death among the patients. Thus, this study aims to conduct a systematic review of changes in executive functions of adult patients diagnosed with depression. We found 1381 articles; however, only 28 were selected and recovered. The inclusion criteria was the assessment of executive functions with at least one neuropsychological test, and articles that evaluated primarily adult individuals with depression, without comparison to other psychiatric disorders. Although most of the studies (25 out of 28 analyzed) have shown deficits in some executive subcomponents, these findings are not conclusive because they used different parameters of assessment. Moreover, many variables were not controlled, such as the different subtypes of the disorder, the high level of severity, comorbidity and the use of drugs. Most studies showed different deficits in executive functions in depressed patients, but further longitudinal studies are needed in order to confirm these findings.
INTRODUCTION
Depression, the most prevalent psychiatric disorder, has a lifelong risk of 20% and is related to high rates of death among the patients [1] . Data from the World Health Organization (WHO) showed that depression is among the ten medical disorders that cause greater disability, due to not only the psychological frame, but to the risk of developing other diseases, such as diabetes and coronary diseases [1, 2] . This is neither the only nor the main reason that leads depression to impact the patients' lives: their manifestation can also worsen the prognostic of medical treatment which, due to physical, cognitive and quality of life impacts as a result of depression, can lead to avoidance/ deprivation of medical services [2] .
Other important point is that most patients experience more than one episode of depression throughout life, and the chance of recurrence increases if the first episode occurred early in their lives and if there is a family history of disorder. prefrontal cortex (PFC). Changes in the activity of these areas are considered central to the pathophysiology of depression [1] . Thus, three regions seem to play a crucial role in the depression: the orbitofrontal cortex (OFC), the dorsolateral prefrontal cortex (DLPFC) and the anterior cingulated cortex (ACC) [3] .
The PFC has an integrative function, since it gathers sensorimotor, motivational and affective information. This region can be subdivided into lateral (posterior dorsolateral, mid-dorsolateral, ventrolateral), orbitofrontal, ventromedial, basal, orbital, frontopolar, anterior and rostral [4] . Dorsolateral and ventromedial are connected with the cingulate gyrus and the hippocampus. Each one has different assignments and, possible dysfunctions have different roles in the maintenance of the psychopathology of depression [1] . The Amygdala is related to the selection and coordination of cortical and neuroendocrine responses, and emotional learning and memory. Therefore, abnormal activations of these regions have been related to the severity of depression [1] . Hippocampus is a brain structure that has been most studied in relation to depression, both in animals and humans, for several reasons, such as its association with learning, memory, emotional dependence and high capacity for neuroplasticity [1] .
Specific studies of a neurobiological model of depression helped to develop a theoretical structure that can offer preventive interventions and better understanding of the possible cognitive functioning of these patients [3] .
Neuropsychology of Depression
Neuropsychological assessment has been an important tool for assessing psychiatric disorders, since its findings allow an association between the behavioural and functional data of the patient and the neuroanatomical and neurophysiological findings [5] . Studies have shown that mood changes not only the areas, but also the process by which the thought occurs. Thus, in addition to clinical symptoms, depression may be accompanied by cognitive deficits, such as alterations in perception, attention, memory, processing speed, processing emotionally and, particularly, executive functions [6] .
Executive Functions
Executive function is a term that comprises a set of cognitive processes [7] . Its first report was made by Luria, and although he has not used this term, he described a series of disorders related to executive dysfunctions, for instance, conduct problems, due to frontal lesions [8, 9] . Such understanding was improved, until we get to one of the most popular definitions of executive functions from Lesak, who defined the executive functions as the ability to formulate goals, plan and perform effectively [10, 11] . Therefore, it is an essential capability to make individuals independent, creative and socially integrated [12] .
Executive functions are commonly associated with deficits from lesions in frontal regions and some psychiatric disorders, such as depression, which present marked frontal dysfunctions. These dysfunctions are so important to the patient's independence, that it becomes necessary to evaluate and better understand their possible effects in this psychopathology [7] . The studies that have begun to correlate depression and deficits in executive functions involved psychometrics and neuroimaging, and showed deficits in several aspects, such as abstraction ability, problem solving, loss of cognitive flexibility and tendency to perseverate [13] .
Thus, this study aimed to conduct a systematic review of changes in executive functions of adult patients diagnosed with depression.
METHODS
A systematic search was conducted using the PubMed, ISI Web of Knowledge and PsycInfo databases using the following terms: "neuropsychological assessment", "depression" and "executive functions". The survey was conducted in February 2013; there was no time restriction given for any database.
A total of 1381 references were found (882 in Pubmed; 276 in ISI Web of Science; and 223 in PsycInfo). 65 of these articles were in a language other than English and 229 were duplicates; these were, therefore, excluded. Remained for abstract analysis 1087 references, and 28 articles were selected and recovered (see Fig. 1 ). Only articles using at least one neuropsychological test for executive functions, evaluating only adult subjects and focusing on individuals with depression (without comparison to another psychiatric disorder) were selected. These exclusion criteria were necessary because of the extensive material in the literature, and also to focus the study only in patients with depression.
RESULTS
In neuropsychological assessment researches with adult patients with depression, many instruments are used and different functions are assessed. However, this study will rise only the findings related to executive functions in each of the studies ( Table 1) .
Executive Functions in Adults with Depression
One study recruited 40 subjects with Major Depressive Disorder (MDD) and divided them into 2 subgroups: one with 20 subjects that have a history of 1 or 2 depressive episodes (mild group) with a mean age of 44.40 years and another subgroup of 20 subjects with a history of three or more depressive episodes (severe group) with a mean age of 48.15. There was also a group of 20 control subjects matched by age and education to the total group of 40 subjects with depression (before subdivision), with a mean age of 41.15 years. The Behavioural Assessment of the Dysexecutive Syndrome Q (BADS) was used to analyze task management, planning and monitoring, in order to assess executive functions. Two subtests of German word fluency task (RWT) were used to obtain cognitive flexibility related information; and visual and spatial backward memory span were also assessed by the Wechsler Memory Scale Revised (WMS-R) in order to measure sequenced coding. The results demonstrated that the control group showed better results than both patients' groups on all tests F(3,55)=11.74; p<0.001. And there is a relation between the severity of the disorder and worse performance. The findings showed that especially in the BADS test and backward memory span these differences were clearer F(3,55)=3.22; p=0.03 [14] .
Another study conducted by neuropsychological evaluation in 123 patients with mild to moderate nonbipolar MDD without psychotic features and average age of 39.0 years in comparison to a control group of 36 subjects matched by age, gender and average age of 40.2 years old. The assessment of executive functions used four measures: 1) the Halstead-Reitan Categories Test of concept formation; 2) the Controlled Oral Word Association Test (COWAT); 3) the Wisconsin Card Sort Test (WCST), 4) the Trail Making Test Part B (TMT B). In addition, the Cambridge Neuropsychological Test Automated Battery (CANTAB) was used, combining a series of computerized tests that assess different functions, among which the executive functions, presented on a high-resolution touch-screen monitor. The results reveal that patients exhibit impairment on the WCST performance on various parameters, such as number of categories completed t=2.24; p=.03, perseverative responses t=2.39; p=.02, perseverative errors t=2.23; p=.03, and failures to maintain set t=2.01; p=.05. However, such deficits were not observed in the other three tests applied (Categories, Verbal Fluency and Trail B), as well as the CANTAB in their executive measures. The deficits found from the WCST suggest impairment in the ability to generate and maintain problem-solving strategies and setshifting ability. The authors suggest that the difference from this to other studies who often find deficits in other tests may be related to the severity of the disorder in these other patients [15] .
One study compared 20 patients diagnosed with MDD and average age of 41.35 years with 20 subjects of a control group with average age of 38.4 years matched by gender and number of years of education. The authors want to assess the mechanisms of cognitive inhibitory facing emotional and neutral stimulus. For the evaluation of frontal executive functions the following tests were used: Modified six elements test, Brixton Spatial Anticipation Test, Dual-task Records excluded due to do not related to the theme (n = 1059)
Full-text articles assessed for eligibility (n = 28)
Full-text articles excluded (n = 0)
Studies included in qualitative synthesis (meta-analysis) (n = 28)
Records after duplicates removed (n = 229)
Records excluded due to are published in a language other than English (n= 65) • Digit span backwards
The results showed differences between groups in all tests, while the melancholic group (DMF) had the worst outcomes.
[24]
Michopoulos, I., Zervas, I.M., Papakosta, V.M., Tsaltas, E., Papageorgiou, C., Manessi, T., Papakostas, Y.G., Lykouras, L., Soldatos, C.R. The results did not show significant differences between the control group and the group of depressed patients. However, when this group was divided into melancholic and nonmelancholic patients, there was a difference found in relation to Intradimensional/extradime nsional (ID/ED) attentional set shifting task.
[25]
Markela-Lerenc, J., Kaiser, S., Fiedler, P., Weisbrod, M., Mundt, C. There were nOt found significant differences between the two patient groups and the control group.
[29]
Preiss, M., Kucerova, H., Lukavsky, J., Stepankova, H., Sos, P., Kawaciukova, R This study found worse performance in the patients' group compared to the control group, but showed no significant difference between the patients' results before and after remission of the disorder.
[32]
Biringer, E., Lundervold, A., Stordal, K., Mykletun, A., Egeland, J., Bottlender, R., Lund, A. [16] . These results confirm the hypothesis of a deficit in the anterior cingulate cortex in patients with depression, which leads to consequences in different cognitive functions such as error detection, anticipation of tasks, attention, motivation, and modulation of emotional responses [17] .
A study using the Stroop paradigm evaluated 19 patients with recurrent unipolar MDD and average ages of 42.5 years, and compared them to a control group with a mean age of 42 years, matched by age, gender and level of education.
Patients were evaluated at baseline along with the Hamilton Depression Rating Scale (HDRS; scored > 18) and after 6 months, when most patients already had a reduction of the symptoms. Results showed a performance impairment in the patients in the two periods of evaluation, showing an effect in the group F(1,36)=7.51; p<0.05; g2=0.18 but no association to the severity/course of the disorder [18] . A comparative study was conducted including 23 female patients, aged between 46 and 82 years and diagnosed with recurrent MDD, and 60 healthy age-matched females aged between 45 and 85 years. The executive functions were assessed using the WCST and Stroop test. The results showed that patients had worse outcomes in the assessment of executive functions, when compared to the control group F(5.52); d.f.=1.78; p=0.021. However, these deficits do not have a correlation with the duration of the disorder r=-0.18. Thus, the results suggest that the recurrence of depressive episodes is not one more aspect that affects executive functions in these patients [19] .
Another study assessed the flexibility of decision-making in 19 patients with MDD and average age of 35.8 years and 20 healthy control subjects with a mean age of 35.1 years. For this evaluation the Iowa Gambling Task (IGT) was used, by a contingency-shift phase where decks progressively changed reward and punishment schedule. The results were obtained by subtracting the disadvantageous choices from the number of advantageous for each block of 20 trials. The results showed that in the first phase the control subjects were better at learning, especially in the latter blocks, with a significant main effect of group F(1, 37)=12.48; p=0.001; and in phase 2, controls showed better levels of learning throughout the three shifts F(1,37)=11.37; p=0.002. The tests conducted on phase two showed that control subjects perform better in blocks 7, 9, 10 and 11 (all p<0.05). The results of this study can be correlated to the hypothesis that the orbitofrontal cortex has integrative function to signaling signals of reward/punishment for our actions and are able to detect and analyze details pertaining the overall situation [20] . To analyze the association between the severity of major depressive disorder and performance in the test, the authors examined the Beck Depression Inventory (BDI) scores in each of the blocks in this group. The results showed significant negative correlations in block 9 r=−0.55; p<0.05, block 10 r=−0.48; p<0.05 and block 11 r=−0.62; p<0.001. Therefore, these results suggest that the worst performance in the three blocks of the test for patients with MDD would be due to alterations in sensitivity to reward and punishment by these patients [21] .
One study recruited 38 subjects with unipolar nonpsychotic MDD without psychotropic drugs, 31 subjects with MDD treated with antidepressant monotherapy for at least four weeks and 69 subjects in the control group matched by age, race and gender. The neurocognitive evaluation was measured from the CNS Vital Signs, which is a computed battery composed of seven different tests that assess differents cognitive domains. With regard to the aspect of executive function evaluation, the corresponding tests were Stroop test and Shifting attention test. The results showed that there was a significant difference between the group with MDD without medication and the control group concerning the cognitive flexibility t=2.60; p=0.01. In fact, for most of the variables assessed the control group had the best scores, followed by patients with MDD treated with antidepressants and, finally, patients with MDD without medication [22] .
Another study met 44 patients with a diagnosis of MDD all psychotropic medication-free for at least six weeks, with an average age of 32.9 years and a control group of 44 healthy subjects matched by age, gender, premorbid IQ, years of formal education and season of testing, with a mean age of 32. A study conducted only with women, compared 30 women with depression and a mean age of 20.33 years to a control group of 30 women and a mean age of 20.20 years without depression, with approximate ages and intellectual levels to assess the executive functions of the two groups. Neuropsychological assessment was conducted based on the following tests: Design Fluency Test, Hand Dynamometer Tests of Grip Strength, Perseveration and Fatigue, FAS Test, Stroop Test, and the TMT A and B. Regarding the results, no significant differences were found between groups (depressed and non-depressed) in any of the tests, but the authors noted that these findings may have some relation with some points, such as depressed patients in the study are not hospitalized (which could worse their performance) [24] .
Another study carried out only with women compared 21 women with MDD and a mean age of 32.2 years to 20 women in a healthy control group with a mean age of 29.5 years. The modified Go/No-go test of inhibitory control was performed in order to assess executive functions. The results showed that there was a significant difference between the groups in the test conducted F(1.36)=4.42; p=.04; eta'=.111, as well as a significant interaction between the group and the level in the task F(1.36)=4.11; p=.05; eta"=.10. These results allowed measuring problem solving and sustained effort in depressed women [25] .
A study was conducted with 30 patients diagnosed with MDD and a mean age of 31.77 years and 30 subjects in a control group with a mean age of 31.47 years, matched by age, sex, and socio-economic status. Of the tests used, those who had measures of executive functions were the TMT B and the Digits Backward (DB). In the analysis of the results the authors divided the findings into four possibilities: if p>0.05, the difference was not significant, if p<0.05 the difference was significant, if p<0.01 the difference was highly significant and if p<0.001 the difference was very highly significant. Regarding the comparison of performance between groups in the TMT B test the results were p<0.001, in other words, they were very highly significant. The comparison between groups in the DB test showed that p<0.05, or simply, a significant difference. These results showed that patients with depression demonstrate deficits in the executive functions [26] .
A study carried out with 17 patients with MDD and a mean age of 48.2 years and 17 subjects in a control group with a mean age of 49.0 years evaluated possible executive deficits resorting to COWAT, WCST and Stroop Test. The results found more favorable scores for the control group in all variables of the COWAT, F(16.7); MSE=150.2; p<0,0001; ω²=0.3, as well as the number of trials F(5,0); MSE=399.9; p<0,005; ω²=0.1, the number of errors, F(4.8); MSE=395.2; p<0,005; ω²=0.1, the number of nonperseverative errors F(4.6); MSE=85.6; p<0,005; ω²=0.1, and the percentage of conceptual level responses F(5.4); MSE= 332.8; p<0,005; ω²=0.1, of the WCST. The Stroop Test also revealed a difference between groups, F(1,31)=9.7; MSE=2037.7; p<0.01; ω²=0.2 and condition F(3,93)=73.2; MSE=173,3; p<0.0001; ω²=0.7, demonstrating that depressive patients also proved to be slower than the control group and to have a slower performance on incongruent trials under a baseline. Thus, this study showed that patients with major depression exhibit deficits in different domains of executive functions [27] .
A study was conducted with 45 patients with MDD, recurrent and non-psychotic, and a mean age of 35.56 years. These patients were in a moderate to severe phase of the disorder and their depressive episodes varied between two and five. A control group was also included containing 50 subjects with a mean age of 32.92 years. The six tests that assessed executive functions were: COWAT, ToL, Paced Auditory Serial Addition Test (PASAT), DB from WAIS-R, Stroop Test and WCST. The results showed that patients performed worse on all tasks in comparison to the control group. Significant differences were found in phonemic and categorical verbal fluency, the PASAT, DB, Stroop Test, the failure to maintain set and perseverative errors from WCST. The level of commitment in each of the tasks was variable, being between -0.15 and -0.89 and the reliability analysis across all executive functions tests yielded an alpha value of 0.827. The authors also calculated the total mean of executive function z-score difference, which was estimated to -2.15 s, 10= -0.22 s [28] .
A study was conducted with 43 patients with a mean age of 35.2 years, diagnosed with recurrent moderate to severe MDD without psychotic features, with an average of 2 to 5 episodes of depression, and a control group consisting of 50 healthy subjects matched by age, gender, level of education and intellectual abilities, with a mean age of 32.9 years. The tests used for the evaluation of executive functions were: PASAT, DB from WAIS-R, COWAT, the Failure to Maintain Set variable from WCST and the Stoop Test. The measures of evaluation of the results were set-maintenance, inhibition, verbal fluency and working memory. The results found a significant difference between the groups in all measures used. However, the authors point out that despite such a significant difference exists there are patients without such deficits, as there are control groups/subjects with that feature, which shows that this variance can be explained by others factors than just the presence of the disorder. The authors found interactions between age and diagnosis as a way of predicting deficits executives, where patients with depression and older, have more chances of having such impairments b value of 0.286; p</0.093 in the linear regression model [29] .
Another study compared 24 patients diagnosed with MDD and a mean age of 38.08 years and a control group of 24 healthy subjects matched by age, gender and years of education with a mean age of 37.12 years. For the neuropsychological tests the D-KEFS test battery was used. Concerning the executive functions, the D-KEFS Trail Making Test assesses the mental flexibility (setshifting) measured by condition 4, apart from other cognitive areas; The D-KEFS Color -Word Interference Test is a version of the Stroop paradigm and investigates the inhibitory capacity; The D-KEFS Verbal Fluency Test also assesses mental flexibility (set shifting) and The D-KEFS Tower Test is a version of ToL and assesses spatial planning, rule learning, and the ability to establish and maintain cognitive set. In the D-KEFS Color -Word Interference Test, there was a statistical difference between groups F(4,43)=3.81; p=0.010; Wilks' Lambda=0.74, partial eta-squared=0.26. In condition 3, which assessed inhibition, the patients took longer to complete the task F(1,46)=5,30; p=0.026, but there was no difference between groups in the number of errors. In condition 4, which evaluated Inhibition/Switching, patients also took significantly more time to complete the task F(1,46)=5,49; p=0.024, but this didn't affect the number of errors found. As for D-KEFS Verbal Fluency, there were also found significant differences between groups F(3,44)=3.202; p= 0.032; Wilks' Lambda=0.82, partial eta-squared=0. 18 . As for the D-KEFS Tower Test and D-KEFS Trail Making Test, no significant differences were found between groups. Thus, the executive aspects in which there were found impairments were Inhibition, Inhibition/Switch-ing and Category Fluency [30] .
Executive Functions in Adults Presenting Melancholic and Non-Melancholic Subtypes of Major Depressive Disorder
One study recruited 34 patients diagnosed with MDD, 17 suffering from the melancholic subtype and 17 the nonmelancholic subtype. The authors sought to know if the differences of these subtypes explain the contradictory findings regarding the evaluation of cognitive functions in patients with depression. The group suffering from the melancholic subtype had a mean age of 46.12 years and the non-melancholic subtype group had a mean age of 41 [31] .
Another study was conducted only with women. In total, 33 women participated, 11 diagnosed with depression with melancholic features and a mean age of 50.9 years, 11 with depression without melancholic features and a mean age of 47.8 years and 11 control subjects matched by sex, age and education with a mean age of 52.8 years. Patients with depression were admitted through the Women's Mental Health Program in Athens University Department of Psychiatry. Neuropsychological assessment was performed through a computerized battery. The assessment of executive functions was composed by the following tasks: the Stockings of Cambridge task (SOC) that accesses the ability of strategic planning of the subject; and the Intradimensional/extradimensional (ID/ED) attentional set shifting task, that accesses the maintainability of attention despite of the stimuli. The results showed that, although the control group obtained higher scores than the group of depressed patients, this difference was not significant. However, when patients were divided into melancholic and non-melancholic, there was a significant difference in the ID/ED task between the control group and the melancholic patients. In other tasks that assess frontal striatal functions no differences were found, which may be related to the small sample. Thus, these results show that set shifting deficits may be specific to the melancholic subtype of depression [32] .
Another study selected 23 patients diagnosed with unipolar MDD and a mean age of 40 years, and a group of 27 healthy subjects matched by gender, age and year of school education and a mean age of 39.9 years. The patients group was divided into melancholic depression (11 subjects) with a mean age of 36.6 years and non melancholic (12 subjects) with a mean age of 43.2 years. The executive functions, particularly the inhibition of a learned routine, were assessed from a trial mixed manual version of the Stroop Test, presented in the Stim software (Neuroscan Inc.). The evaluation of the results was made from the software itself, with reaction time and errors data. When comparing the entire group of patients with depression to the control group, the only significant difference was the time of reaction, which revealed that patients have slower reaction time than the control group F(1,48)=3.4; p<0.07. When the group of depressed patients were subdivided into melancholic and non melancholic, significant differences were found in the non melancholic group when compared to the control group t=-2.1; p<0.05, but only on the first series of evaluation. However, no significant differences were found between the control group and the melancholic subgroup in any of the four series performed. These findings suggest that non melancholic depressed patients would be more susceptible to distractors than melancholic depressed patients or healthy control subjects. However, the authors emphasize the importance of further studies, especially with a larger number of subjects [33] .
A group of 124 patients with a primary diagnosis of MDD, 65 suffering from the melancholic subtype and a mean age of 41.54 years and 59 suffering from the non melancholic subtype and a mean age of 37.77 years were evaluated in order to verify the possible difference in neuropsychological profile among groups. Neuropsychological assessment was computerized and, in the executive functions case, the measure used was the Executive Maze task, which is a computerized adaptation of the Austin Maze. The analysis of the results was made by means of cluster because this measure has the ability to "identify groupings, patterns of attributes or categories that can be interpreted as a meaningful set by identifying how each category differs from the others". According to this analysis, cluster 1 would be indicated by lower performance on neuropsychological assessment and higher levels of severity and symptoms of the disorder, whereas cluster 2 is the opposite of 1, indicating high levels of performance and low levels of severity and symptomatology. In the case of executive functions, higher scores indicate worse performance. A significant correlation was found between patients suffering from the melancholic and non melancholic subtypes and the measure of cluster w²(1)=7.495; p<.01, where 58% of the melancholic subtype patients were associated to cluster 1 and 66% of non melancholic subtype patients were associated to cluster 2 [34] .
Executive Functions in Patients Recovering from Depression
A study was conducted with a total of 20 patients recovering from depression with a mean age of 34.3 years and 20 control subjects matched by age group, sex and education, with a mean age of 33.0 years. The criteria of remission DSM IV was used, wherein remission occurred at least 2 months before. The WCST was used for the evaluation of executive functions, which found that the number of previous depressive episodes was significantly correlated with three parameters evaluated in this test, a greater number of non perseverative errors (p=0.02); fewer categories completed (p=0.03) and a greater number of trials required to complete the test (p=0.03). The problems with non perseverative errors may be related to the difficulty of strategy in problem-solving, and even to the control of the depressive symptoms (based on HDRS). This effect is not ceased, indicating it may be one more feature of the residual symptoms. Thus, there are two possibilities of explanation for this situation: greater vulnerability to depression in patients with impairment in executive functions; or consecutive episodes of depression would generate permanent damage in certain brain areas. However, there was no significant difference found regarding the perseverative errors, which can be related to the small sample size [35] .
A study was conducted using three groups: the first consisted of 12 patients who had fully met the criteria for MDD (complete group) and have a mean age of 21.08 years; the second included 11 patients who had partially met the criteria (partial group) and have a mean age of 19.27 years; and the third consisted of 19 subjects in a control group with a mean age of 19.79 years. For the evaluation of executive functions the BADS, a battery composed of six subtests, and the Verbal Fluency Test were used. The results showed that the two groups composed of patients did not demonstrate a significant difference in both performance tests that assessed executive functions. These findings are different from those found in the literature, which stated that remitted MDD patients have executive dysfunctions. The authors explain these findings from different ages and duration of depressive episodes among the studies surveyed [36] .
Another study also wanted to investigate the possible persistence of cognitive deficits despite the remission of depression. The study consisted of 97 patients in remission of MDD for at least 2 months with a mean age of 46.3 years, and 97 control subjects matched by age, education and gender, and mean age of 46.1 years. A valid Czech version of TMT B was used to assess executive functions, which is a test commonly used to evaluate cognitive flexibility. The results suggest impairment in cognitive flexibility in the group of patients Wilcoxon Matched Pairs Test, n=94; Z=2.132; p=0.033, showing that cognitive deficits persist even in the remission of the disorder [37] .
One study enrolled 88 patients with diagnosed with unipolar MDD in a remitted state with a mean age of 59.8 years, and 50 individuals in a control group matched by age and gender with a mean age of 59.7 years. The executive functions were assessed by three tests: the Stroop test, the WCST and the Letter-Number Sequencing, which is included in the Wechsler Adult Intelligence Scale, third edition (WAIS III). The TMT A and B was used as a marker of attentional and processing speed, but part B also requires cognitive flexibility and may also be classified as a test for executive functions. In the first test, the data taken into account was interference, the ability to inhibit automatic responses to controlled responses, then being associated with cognitive control and performance monitoring. And in the WCST case, the evaluation was based on the total number of errors. The results showed that patients performed worse on all tests in comparison with the control group [38] .
Another study compared young and middle-aged patients with depression in its acute stage, six months after the remission of symptoms and six months after such remission. His goal was to clarify the specifics of cognitive dysfunction during the course of the disorder. The study consisted of 53 patients with a mean age of 43.5 years, 16 with a depressive episode and 37 with recurrent depression. Furthermore, there was a control group, with 13 subjects and a mean age of 46.4 years, with no history of Axis I psychiatric disorders, matched by age, gender and education. For the evaluation of executive functions there were used: Simple and alternate verbal fluency tasks, for the evaluation of cognitive flexibility; Raven Standard Progressive Matrices (SPM) to test visual problem solving; and three subtests of CANTAB, Delayed Matching to Sample Namely (DMS), (ID/ED) and Spatial Working Memory (SWM) for the evaluation of cognitive flexibility and working memory. The authors compared the cognitive deficits with variable remission of depression and found no significant data (all p>0.05). In other words, cognitive functions could not be regarded as a predictor of the course and remission of depression. Furthermore, patients with depression had inferior performance when compared with the control group [39] .
A study tested 30 patients with a mean age of 35.8 years and diagnosis of recurrent unipolar MDD and retested the same about 2 years later when they were already partially or totally recovered from the disorder. The WCST and Stroop Test were used as measures for executive functions. The authors performed a correlation to find the association between the Hamilton Depression Rating Scale (HAM-D) and changes in executive functions. They found a positive Pearson's correlation coefficient r=0.33; p=0.04, one-tailed, and the depression recovery (measured through the HAM-D) explained 11% of the variance of EF improvement from T1 to T2 r2=0.11. Furthermore, the authors compared the results of the recovery group to a healthy group and there was not a significant group difference p=0.190, two-tailed. These results showed that improvement in depressive symptoms is also accompanied by an improvement in measures of executive functions, so even long-term does not produce determinant cognitive impairment [40] .
Another study evaluated 48 patients diagnosed with MDD and reassessed them 4 months later to check for possible changes in cognitive scores in case of remission of symptoms. The criteria of remission was based on an improvement of at least 50% of the scores of HAM-D and don´t have more syndromic diagnosis of the disorder. The cognitive assessment of executive function consisted of the following tests: the DB test to evaluate the mental flexibility; the Stroop Test, which, among other parameters, assesses distractibility and response inhibition; the Shortened WCST, which is a measure of concept formation, abstraction, working memory, shifting set and the ability to utilize feedback; the Modified Six Elements Test, which accesses different components of executive functions. The results showed that at study entry patients have a moderate to severe score on HAM-D and prominent scores of executive dysfunction and apathy on Frontal Systems Behavior Scale (FrSBe), which evaluates apathy, disinhibition/emotional dysregulation and executive dysfunction. Furthermore, regarding the evaluation of cognitive executive functions the perseverative errors' scores in WCST-S were significant predictors of the HAM-D score in the follow-up group. However, this difference became nonsignificant after Benjamini-Hochberg correction (p=0.07). The perseverative errors' score from the Shortened WCST test also proved to be significant in predicting the score of the DSM-IV Social and Occupational Functioning Assessment Scale (SOFAS) at follow-up [41] .
Another study was conducted with 28 patients diagnosed with MDD without comorbidities and a mean age of 35.03 years in two stages, in the acute state of MDD and after clinical recovery. In the first moment, these patients scored at least 24 in the HAM-D and the BDI tests. There was also a control group of 28 healthy subjects with no personal or first-degree family history of psychiatric disorders and mean age of 39.70 years. All subjects were assessed with the CANTAB test, and the executive function was assessed by ID/ED. The results showed impaired functioning in the number of stages t=-2.24; p<0.05), errors t=2.18; p<0.05), and trials t=2.21; p<0.05 in the ID/ED task in patients in the acute stage of MDD compared to healthy subjects. Changes in the HDRS scores t=7.64; p<0.001 and in the BDI t=5.09; p<0.001, indicate clinical recovery and, thus, a new analysis was performed with these patients. However, there were not significant differences between acute and remitted states regarding executive functions, which can mean a trait character of the disorder [42] .
A study conducted only with men, focused to investigate the performance of patients with fully or partly remitted unipolar MDD without psychotic symptoms, compared to a control group. The group of patients consisted of 15 men with a mean age of 45.1 years, and a control group which also had 15 men, matched by age and IQ and a mean age of 42.1 years. The neuropsychological assessment of the executive functions was conducted through IGT, Go/No-Go Task and Delayed Alternation Task (DAT; 26). The results showed no significant differences in the IGT score between patients and the healthy control group. The ANOVA analysis between measures found a significant main effect of the factor block indicating a shift in drawing cards across blocks F(3,84)=16.33; p=0.000 but not an interaction between the factor block and the group F(3,84)=0.27; p=0.844. The authors also did not find significant differences between patients and controls in the Go/No-Go task and delayed alternation task, confirming the finding that these patients were unimpaired in the executive tasks associated with orbitofrontal function. However, the authors emphasize the limitations of the study, because of the small number of participants and exclusively male sample [43] .
DISCUSSION
Depression, for its high rates of prevalence worldwide, has been widely studied in various aspects [44] . Studies of neuropsychological assessment have been conducted for a long time, but there are still many questions to be answered, among them the functioning of the executive functions in this disorder [45] .
The neuropsychology approach aims to understand the correlation between behavioural and cognitive functioning and, how a deficit in this operation causes a particular symptom in neurological and non neurological disorders. In the case of psychiatric patients, in addition to clarifying the correlation symptom-cognitive functioning, it is also possible to measure the type and degree of impairment in specific disorders [45] .
The executive functions have more than only one accepted definition, but it is known to be composed of several subcomponents, such as abilities of set-shifting, planning, inhibition, working memory and fluency, which are involved in controlling, integrating, organizing, inhibiting or even maintaining the functioning of other cognitive functions. Therefore, it becomes a centralizing function of cognitive functioning and deficits would impair personal, social, occupational and educational in the patient's life, affecting their activities of daily living [45] . Although many studies assess executive functions in patients with depression, the findings are not yet conclusive. Therefore, making a revision that uses the survey instruments, the specific findings and the specific population studied, allows a more detailed outline of what needs to be deepened in the area, despite the growth of publications on the subject.
The survey showed that out of the 28 articles selected, 25 found changes in some construct of executive functioning. But this impairment involved functioning findings based on different analyzes, such as severity of the disorder [14] , partial executive alterations [30] , melancholic subtype [31, 32, 34] , acute states of the disorder [39] , among others. Thus, although the deficits appear in most articles, it does not mean uniformity of the findings.
One of the questions discussed by several studies was to whether cognitive changes in depression are belonging to acute conditions, and therefore have improved from the remission of symptoms, or if it would be a trait marker of the disorder and would remain so even after its remission. The authors suggest that an improved consistency of their findings would be possible with longitudinal studies, in contrast to the cross-sectional studies in order to avoid the possibility of the effect of any residual symptoms. So, the study should be long enough to ensure that there had been complete remission [14, 18, 27-30, 35, 36, 39, 40, 43] .
Another important point is about the clinical heterogeneity of the disorder itself, which causes a difficulty in methodological studies. This is because besides the different possible subtypes (such as melancholic, non melancholic, psychotic for example), there is a high incidence of comorbidity and severity levels. Thus, the authors find it difficult to control all of these variables, which end up limiting the possibility of generalization of the findings. Furthermore, these patients are also medicated in most cases, which leads to doubt if there is a deficit found resulting from such therapy [14, 24, 31, 33, 34, 43] . Some authors call attention to the fact that the studies have focused on melancholic and non melancholic subtypes, and it would be necessary to expand this to other subtypes [31, 33, 34] . It´s not clear if this is a feature of depression, certain subtype specifics or of some other variable, such as level of severity and medication use.
It also has to be taken into consideration the difficulty in distinguishing patients with MDD and bipolar disorder. It can cause biased results, because literature has been evidenced the presence of executive deficits in bipolar patients [46, 47] . The recent changing of the criteria from DSM-IV diagnoses to DSM-V re-opens the discussion of divisors between MDD and bipolar disorder. In this new criteria, the dysphoric symptoms (previously attributed to bipolar disorder), are now regarded as typical of the DDM as of Bipolar Disorder. We do not know if there are specific dysfunctions related to dysphoric components, because these until now were considered "tout-court" bipolar.
Studies to further investigate the findings in cognitive functions, in particular executive functions, have a clinical impact, since many of these patients do not respond to psychotherapies and pharmacotherapies. Could this difficulty in answering to treatments have its root in cognitive problems? Does this patient develop clinically or have difficulty planning, problem solving and flexibility? Is that a functional and executive problem before a symptom clinic?
CONCLUSION
In this review, the majority of studies found alterations in some aspects of executive functioning in patients with depression. The importance of these studies is better understood by the cognitive profile of these patients and predicts possible outcomes of drug therapy and psychotherapy. Furthermore, it is important to clarify the relationship between performance on cognitive tests and the difficulties presented by these patients in their daily lives. One study emphasized the relationship between symptoms and cognitive performance, realizing that patients with depression took longer to complete the test, which meets the slow and attentional deficits characteristic of the disorder.
Another important point is the need to increase the sample of subjects and to try to control comorbidity, severity levels, and medications used. Furthermore, it is necessary to study different subtypes of the disorder, beyond the melancholic and non melancholic subtypes, which are more emphasized. Furthermore, longitudinal studies are recommended to understand if the deficits found are characteristic features of the disorder and therefore remain even after remission of the symptoms or if they manifest only in acute states. 
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